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FOREWoRD

The wealth of nations is changing. While prior centuries were dominated by nations
with superior industrial or agricultural capabilities, the Innovation Age rewards new
competencies and strengths. Knowledge � ideas and the people who generate them
� is the new coin of the realm. Innovative capacity will be the key driver of future
economic prosperity, with emerging technologies such as genomics, bioinformatics,
and nanotechnology promising even faster change and greater disruption.

To participate more fully in the Innovation Age, many U.S. states and localities are
developing strategies that leverage their existing strengths to support technology-
led economic development (TLED). Communities around the world are looking to
foster business climates that help innovators innovate and encourage entrepreneurs
to create jobs, sustainable growth, and community wealth. The Commerce
Department�s Office of Technology Policy (OTP) and Economic Development Admin-
istration work closely with national TLED leaders to advance understanding and
implementation of these efforts.

As part of our 2002 TLED activities, OTP contracted with the National Business
Incubation Association (NBIA) to identify factors that contribute to business incu-
bator performance. This work was based on our recognition that there is inadequate
information to guide those who oversee and operate technology incubators, despite
evidence that business incubation programs can have a significant and measurable
impact on the communities they serve. The goal of this study was to identify and
compare exemplary and under-performing incubator programs in an effort to better
understand best practices and strategies.

The data presented here can help improve the operation and economic impact of
communities� business incubators. Using this information, policy makers and practi-
tioners can take steps to maximize their investment in local incubators and can
implement strategies to develop effective new centers of economic growth.

As always, the OTP welcomes comments, suggestions or feedback on ways to make
this report even more useful, or on other topics central to technology-led economic
development.

Bruce P. Mehlman
Assistant Secretary for Technology Policy
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EXECUTIVE SUMMARY

Technology-based start-ups represent a cornerstone of the knowledge economy
that dominates the attention of governors, regional economic development officials,
and average citizens as a result of the jobs and wealth it creates. While business
incubators have contributed to U.S. entrepreneurial activity for about two decades,
those that focus on technology-based companies are becoming more numerous and
sophisticated, and are contributing to marked increases in technology firms� sales,
employment and contributions to local economies.

Unlike previous research that primarily sought to understand if business incubation
works and whether different types of incubators achieved different results, this
study sought to answer questions about:

� The range of client performance outcomes across a national sample of
technology business incubation programs

� Which technology incubators could be identified as exemplary and which as
low-performing

� What ranges of business assistance services and organizational and man-
agement approaches are used by technology incubators

� What relationship exists between �best practices� and performance out-
comes

� How these results can help improve incubator operations

To this end, a research team organized by the National Business Incubation Associa-
tion (NBIA) conducted a benchmarking research study of 79 technology business
incubators. The team gathered data from incubator managers on core or primary
business outcomes (employment and sales revenue growth) of client companies, as
well several precursor or secondary outcomes of clients (obtaining financing and
securing intellectual property protection).

In addition to producing this report, which hopefully contributes toward answering
the questions listed above, a major purpose of this benchmarking effort was to
initiate on-going data collection and peer comparisons that would promote better
incubator performance. Therefore the team used this information to develop confi-
dential report cards for participating incubator managers that profiled their program�s
performance in comparison to their peers�. Already, top-tier incubators identified
through this study have used the findings in reports to their communities and less-
well-performing programs have identified aspects of their incubator�s performance
in need of fine-tuning.

The NBIA team identified 17 �best-in-class� incubators, so designated since they
constituted the top 10 programs in either revenue growth or employment growth of
client companies. The researchers then conducted qualitative interviews with the
managers of these programs to identify their perceptions of �best practices� and



vii

lessons learned. In addition to providing or brokering a full array of incubator ser-
vices, the majority of best-in-class programs had either a strong working relation-
ship with a research-intensive university, medical research institution, or laboratory,
or were located in a metropolitan area that had a high concentration of technology-
based companies and associated business support firms (e.g., accountants, intel-
lectual property lawyers, human resource consultants).

The NBIA team analyzed its data in terms of how primary and secondary outcomes
varied as a function of the technology focus of the incubators� clients (information
technology, biotech/biomedical, and mixed technologies) or their business emphasis
(product focus, service focus, mixed product/service). It also gathered data on the
incubators� use of various client assistance services and other organizational prac-
tices. Descriptive and comparative statistics described the use of assistance ser-
vices or organizational practices as a function of the technology focus of the incu-
bators� clients (information technology, biotech/biomedical, and mixed technologies)
or their business emphasis (product focus, service focus, mixed product/service.)

Findings of this study, in addition to those noted above, include:
� Forty-eight percent of the technology incubators were focused on informa-

tion technology and electronics, compared to 24 percent focused on bio-
technology and biomedical applications and another 28 percent involving a
mix of client company technology concentrations

� Forty-four percent of incubators focused on companies that primarily had
product-oriented business strategies, compared to 18 percent focusing on
service-oriented strategies and 38 percent on clients with a mix of strate-
gies

� The clients of incubators with a greater biotech/biomedical client focus had
raised more money, obtained more research support, held more patents and
in-licensed more technology than their peers

� Biotech/biomedical-focused incubators� clients had slower revenue growth
than IT/electronics and mixed technology incubators� clients and fell behind
mixed technology incubators in employment growth. In other words, they
grew but growth was based on investment capital.

� Service oriented incubators� companies grew faster both in terms of rev-
enues and employment than product-focused incubator clients

Although the research yielded no strong direct statistical relationships between
incubator business assistance practices and primary outcomes (e.g., sales and
revenue growth), it did reveal a predictive relationship between the business as-
sistance practices and the secondary business outcomes (e.g., equity invest-
ment, patents, research grant support, copyrights, and licensed intellectual prop-
erty) that are important precursors to the primary outcomes. The reason for this,
the researchers proposed, is that individual business assistance practices of incuba-
tors will have greater predictive relationships with performance outcomes only if
most clients utilized certain practices. This was assumed to be unlikely, however, as
every company has a different needs profile to be addressed. Instead, the re-
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searchers propose that the strength and pervasiveness of ties to community tech-
nology generators, as well as the individual skills of the incubator manager, are
greater predictors of performance than whether the incubator provides mentoring
relationships or loaned executives for use by client firms.

The implication for further research in the incubation industry is that more insight
might be gained by combining a structured, quantitative approach to performance
benchmarking with a qualitative, descriptive approach to practice benchmarking.
That is, we can learn more by identifying exemplary programs on the basis of hard
data and developing case studies of those programs than by trying to tease out
statistical relationships between specific program practices and client outcomes.

In terms of better understanding the ingredients of �best practice� in technology
business incubation, this study reinforces the importance of the organizational and
economic context in which incubators operate.  This includes their linkages to re-
search universities and laboratories and their location in an area that has a high
concentration of technology-based companies and associated business support firms
(e.g., accountants, intellectual property lawyers, human resource consultants). In
light of this finding, it is imperative that incubator developers and community eco-
nomic developers pay attention not just to creating a sound incubation program but
also in addressing contextual and linkage issues.
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INTRODUCTION

The Importance of Technology-based Start-ups
in the Knowledge Economy

Many researchers and authors have described the contours and characteristics of
the knowledge economy. This new, technology-based economy is arguably the most
significant characteristic that defines metropolitan areas (DeVol, 1999), regions,
and states (AEA, 2000) that are economically flourishing. In fact, one growth indus-
try in the policy analysis field is preoccupied with developing, publishing, and dis-
seminating comparative statistics on how states or metropolitan areas stack up
against one another in terms of having the �right stuff� to compete in the technol-
ogy economy (Atkinson and Coduri, 2002; Office of Technology Policy, 2000). The
knowledge economy dominates the attention of governors, regional economic devel-
opment officials, and average citizens for a variety of reasons.

For one, jobs in the knowledge sectors pay more and are growing at a faster rate
than in other sectors of the economy. Moreover, if a state or region does not have a
viable technology sector, there is clear evidence that its best and brightest young
people will leave shortly after acquiring diplomas in key disciplines (Tornatzky et al.,
1998; Tornatzky et al., 2001). The knowledge economy is global in nature, and
significant advances in telecommunications and transportation technologies have
enabled its rise. In effect, not only are cities and states competing against one
another, they are competing against their counterparts all over the world. The
knowledge economy is �weightless� in the sense that it often involves high-value
products and services that have limited physical scope but immense underlying
ideas and innovation.

Given the high levels of skills and educational credentials that knowledge companies
demand, and the fact that knowledge companies typically are built around new
technologies and cutting-edge science, states now view colleges and universities
as key assets in their economic aspirations rather than as revenue drains with
separate agendas. Universities can be a source of new knowledge through research
and development, highly skilled graduates, and various other industry-building
partnering activities (Tornatzky et al., 2002). Again, governors and university offi-
cials are involved in significant discussions about how to do this better, and a craft
knowledge of useful policies and practices is slowly developing (Tornatzky, 2000).

It is little surprise that every state, region, and metropolitan area wants to partici-
pate in the knowledge economy and its inherent entrepreneurial activity. Unfortu-
nately for many of those aspiring regions, most new economy activity occurs in a
few cities and a fewer number of states. Many U.S. regions�such as the upper
Midwest�are still making the final structural transitions from a economy dominated
by heavy manufacturing, with large assembly and production facilities linked to a
highly structured and disciplined supplier chain of many smaller producers of parts
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and components. The historical experience with manufacturing has continued to
drive economic development strategy in these regions, with traditional approaches
predominating (e.g., trying to lure a large factory that will �save the day�).

One problem with this approach is that traditional economic development strategies,
such as industrial recruiting methods including tax abatements and regulatory relax-
ation, are often inconsistent with the realities and needs of the knowledge economy
environment. First, there are only so many technology companies that might be
suitable for a recruitment campaign�and competition between communities for them
is fierce. The resulting bidding wars tend to get out of control. Secondly, there is
growing evidence that knowledge economy companies are more likely to be inter-
ested in access to a highly skilled workforce, university partnering opportunities,
and lifestyle amenities, as opposed to traditional inducements. If those recognized
attributes are not already in place, it becomes a harder sell indeed.

While some communities will continue to narrowly pursue industrial recruitment strat-
egies that focus on larger technology companies, others are beginning to include
parallel strategies that might be best described as �grow your own.� In these com-
munities, efforts center on creating an environment that is conducive to the forma-
tion of technology-based start-up companies. Some of the components and players
in this �grow your own� strategy include:

� Research universities, federal labs, and corporate research and develop-
ment facilities, with stocks of technology-based intellectual property and
an orientation to technology transfer (e.g., patenting and licensing) that
emphasizes an entrepreneurial approach

� Entrepreneurial scientists and engineers wanting to commercialize tech-
nologies through new company formation

� Business professionals (accountants, lawyers, consultants, human resources
specialists) familiar with the problems of launching a technology-based com-
pany

� Sources of debt and equity investment�public and private�that can capi-
talize the early development stages of a new, technology-based enterprise

� A concentration of existing technology companies that could be a source of
experienced professionals who could assume leadership positions in tech-
nology start-ups, or provide advice to start-ups

Unfortunately, only a few regions in the United States appear to have all these
pieces in place (e.g., Silicon Valley and the Northeast). Others, to compensate,
have to be more creative in terms of public policies and programs in order to kick-
start the technology-based entrepreneurial economy. One increasingly common pro-
gram element seen in communities employing parallel strategies is the business
incubator, which facilitates and brokers the kinds of help that new companies need.
However, a business incubator may have a difficult time developing powerfully in a
region that is not a mainline stop on the knowledge economy express.

Communities may also look to nearby research universities to take the lead in devel-
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oping technology-based companies, but research suggests not all academic institu-
tions are proficient in this arena. For example, more than eight years of research on
university-industry technology transfer conducted by the Southern Technology Council
(Tornatzky, 2000) shows that only a small number and fraction of universities have
achieved a reasonable level of performance in creating start-up companies based on
faculty inventions. In more detailed analyses focused on �best practices� (Tornatzky
et al., 1995; Tornatzky et al., 2002), it is also very clear that those universities that
appear adept in taking an entrepreneurial approach to technology transfer seem to
have the following elements in common:

� A set of policies and procedures that enable would-be faculty entrepre-
neurs to become involved in start-ups

� An organizational culture and internal reward system that reinforces entre-
preneurial development

� Novel approaches to injecting debt, equity, and grant financing into the
development of start-up companies

� And, significant for the purpose of this report, an almost universal inclina-
tion to manage, link to, or utilize the services of technology business incu-
bators

What are some of the implications of these findings? For universities and federal
research facilities that wish to become engines of technology transfer, the impor-
tance and rationale for links to incubators are evident. By the same token, those
regional economic development organizations that aspire to growing a knowledge
economy have become increasingly focused on partnerships with universities and
business incubation programs. All of these findings argue persuasively for the re-
search that is reported in this document.

The Role of Business Incubation in the Knowledge Economy

Among the range of available economic development program tools, the process of
business incubation and the development of facility-based business incubators have
been a growth industry over the past two decades. In the early 1980s there were at
best only a few dozen programs worldwide that would have met the following defini-
tional criteria of a business incubator:

Business incubators accelerate the successful development of entrepreneurial com-
panies through an array of business support resources and services, developed or
orchestrated by incubator management, and offered both in the incubator and
through its network of contacts. A business incubator�s main goal is to produce
successful firms that will leave the program financially viable and freestanding.
These incubator graduates have the potential to create jobs, revitalize neighbor-
hoods, commercialize critical technologies and strengthen local and national econo-
mies. Critical to the definition of an incubator is the provision of management guid-
ance, technical assistance, and consulting tailored to young growing companies.
Incubators usually also provide clients access to appropriate rental space and flex-
ible leases, shared business services and equipment, technology support services,
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and assistance in obtaining the financing necessary for company growth (Molnar et
al., 1997, p. 4). (NBIA, 1996)

Among the first generation of incubators, the majority focused on relatively low
technology businesses, typically in the service and manufacturing sectors. Gradu-
ally, the incubation industry expanded in size and sophistication of businesses repre-
sented among client companies. Currently, the National Business Incubation Asso-
ciation�the international membership organization for those professionally associ-
ated with business incubation and enterprise development�has about 1,000 mem-
bers, representing approximately 600 incubation programs.

Growing in importance and impact is the subgroup of incubators focused on new,
technology-based companies.1  Many of these have affiliations with major research
universities (Tornatzky et al., 1997; Tornatzky et al., 2002) or federal labs and
research facilities. Typically, these incubators have tenant or affiliate companies
with products or services deriving from information technology or advances in the
biological sciences, although the technological concentrations have changed along
with advances in the underlying science (e.g., ceramics and engineered materials).
As such, they represent the incubation industry�s increasingly visible role in the
continuing development of the nation�s knowledge economy.

One of the defining characteristics of the knowledge economy is the importance of
entrepreneurial enterprises and people. Small, flexible companies seem to be par-
ticularly nimble at exploiting the potential of new knowledge and technology, getting
to market faster, and providing a venue that attracts the creative and talented
(National Academy of Engineering, 1995). In parallel, new approaches to capital
formation and investment have evolved that match the needs and characteristics of
knowledge economy entrepreneurs. From an economic development perspective,
small companies are a significant, and arguably preeminent, source of new jobs in
the economy (Birch, 1997). Whatever the specific value they add to their communi-
ties in terms of job creation and other benefits, it is clear that any region aspiring to
have a robust, growth economy had better have a strong entrepreneurial, technol-
ogy-based sector. Moreover, in developing that sector communities and regions can
make good use of technology business incubators.

Research Questions

Given the history of research findings2  and new ways of looking at performance and
practice information, this research project addressed the following broad questions:

� What is the range of client performance outcomes across a national sample
of technology business incubators, in terms of both primary business
outcomes (e.g., sales and revenue growth), and the secondary indicators

______________________________________
 1 As of 2002, this segment had grown to 37% of nearly 1,000 North American incubators, accord-
ing to the National Business Incubation Association�s State of the Business Incubation Industry
2002 (to be published by NBIA in early 2003), compared to 25% in a similar 1998 survey.
2 A review of prior research on business incubation may be found in Appendix A.
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(e.g., equity investment, patents, research grant support, copyrights, and
licensed intellectual property)?

� What is the scope and range of business assistance services that are
provided to incubator clients?

� What is the scope and range of organizational and management approaches
that are used by technology business incubators?

� What are the technology incubator �best practices� in a wide variety of
activity domains, and what are their inter-relationships and their relation-
ship with performance outcomes?

� What do the results tell us about how to improve incubator operations?
� In addition, who are the exemplary and low-performing technology incuba-

tors? (NBIA�s benchmarking effort also sought to inform participating incu-
bators�on a confidential basis�of their standing relative to peers.)

The Role of Benchmarking

There is one additional shortcoming of the existing research on incubator perfor-
mance and practices. That is, much of the research has been done in the context of
research about incubation, rather than research for incubator managers. In other
words, researchers often designed studies from a program evaluation perspective to
address broad questions and inform policy makers, rather than to provide the kinds
of practical information that incubator managers would find valuable.

What do incubator managers want from data? Based on NBIA research team mem-
bers� work in other contexts, it appears that there are two types of information that
program managers will find valuable: (1) understanding how well they are doing
performance-wise compared to peer programs elsewhere in the country; and (2)
understanding what they can do differently to improve their performance with cli-
ents.

Achieving those objectives required NBIA to develop a benchmarking research strategy
that allowed it to: (1) characterize the performance of a national sample of technol-
ogy business incubators; (2) use the data to identify both exemplary and low-
performing technology incubators, as well as to inform participating incubators (on a
confidential basis) of their standing relative to peers; and (3) expand our under-
standing of technology incubator �best practices� in a wide variety of activity
domains, particularly their inter-relationships and relationship with performance out-
comes. It should be noted that this approach has been applied with some success in
several programs including assistance programs for small manufacturing companies
(Luria, 2000) and university-industry technology transfer (Tornatzky, 2001).

In this study,3  researchers significantly addressed benchmarking objectives 1 and 2.
In fact, NBIA provided each of the 79 participating programs a �report card� (see

______________________________________
3 An explanation of research methods used in this study may be found in Appendix B.



     6 A National Benchmarking Analysis of Technology Business Incubator Performance and Practices

Appendix C) on its performance standing relative to its peers.4  The private reports
presented standings on both primary performance outcomes of clients as well as
secondary outcomes, and they were organized in terms of the overall sample as well
as logical sub-groups (e.g., incubators focusing on information technology). Be-
cause a major purpose of this benchmarking effort was to initiate on-going data
collection and peer comparisons that would promote better incubator performance,
NBIA hopes that the first-ever production of incubator report cards will significantly
assist in achieving this goal. Already, top-tier incubators have used the findings in
reports to their communities and less-well-performing programs have identified
aspects of their incubator�s performance in need of fine-tuning.

For reasons to be discussed below, the project was somewhat less successful in
expanding on the understanding of incubator best practices across a wide area of
activity areas and their relationship with specific performance outcomes.

______________________________________
4 The Technology Administration�s interest in this project was confined to learning more about the
range of performance outcomes across a national sample of programs and not in the performance
standing of any particular program. Consequently, TA did not receive the report cards, or any
performance data relative to any specific incubator.
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RESULTS

Background of the Summary and Comparative Results

Results in this section are presented largely in the order in which data was gathered
from participants in the study, as follows:

Summary and Comparative Results: Incubator Characteristics

The study team characterized the 79 incubators in the study in terms of their
technology focus and their product/service mix, based on the types of clients pre-
sented by each incubator.

In terms of technology focus, the researchers classified 38 incubators (48 percent)
as focusing on information technology and electronics; 19 incubators (24 percent)
as focusing on biotechnology and biomedical applications; and another 22 incuba-
tors (28 percent) as involving a mix of technology concentrations among clients
companies.

In terms of product versus service emphasis of client companies, the researchers
classified 35 incubators (44 percent) as focusing on clients that were predominately
pursuing a product-oriented business strategy; 14 incubators (18 percent) as fo-
cusing on clients that were predominately pursuing a service-oriented business
strategy; and another 30 incubators (38 percent) focusing on clients pursuing both
product and service-based strategies. The researchers were unable to assign one
incubator to an emphasis, because of fragmentary data.

In order to see how technology focus interacts with product/service emphasis, the
research team cross-tabulated these incubator classifications. This is presented in
Table 1.

As can be seen, incubators that had an IT/electronics technology focus were also
somewhat more likely, in turn, to have clients that emphasized a service-oriented
business strategy, either a pure service business or a mixed strategy. This perhaps
reflects computer systems support companies or their equivalent.
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The research team also attempted to characterize the 79 incubators by nonprofit
and for-profit status; urban, rural, or suburban location, and ties to government,
industry, or universities. Table 2 summarizes this information, which reveals that
nearly half of the technology incubators examined in this study had university ties,
the great preponderance were nonprofit entities, and most were located in urban
and suburban locales. The importance of these linkages and the economic context
of the incubators� location will become more apparent in the case studies of �best-
in-class� programs presented below.

Summary and Comparative Results: Service Mix

For each of the 79 incubators that comprised the study sample, the research team
developed �degree-of-utilization� scores for every one of 20 services that incuba-
tion programs could offer to clients (e.g., on a scale of 1-3, with �1�  = did not
receive, �2� = did receive, or �3� = constituted a major service). The study team
aggregated these across the sample, as well as within subgroups of incubators.
Table 3 summarizes these data. Data are provided for each service for the entire
sample (in rank order of use), then within subgroups of incubators organized by their
characteristics.
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Summary and Comparative Results: Primary Outcomes

The team computed two primary outcome scores: employment change, from entry
into the program to the current period; and sales revenue change, again from entry
into the program until the current period. The reader should also be reminded that
the cell entries in Table 5 average changes in the scale scores on the questionnaire
and not �real� numbers of jobs and sales increments. The data is broken down and
presented by incubator characteristics.
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Inspection of these data suggests some trends that are quite understandable. For
one, there seems to be more money and intellectual property coming to biotech/
biomed client companies as opposed to IT/electronics or mixed technology areas.
The fact is that biotech/biomed companies have much more of a basis in scientific
research and associated patenting and licensing than do IT companies. They also
typically take a longer time to get to market, with associated capital demands. The
only exception is the greater importance of copyrights among IT/electronics client
companies. This is explained by the fact that a large fraction of software is pro-
tected by copyright rather than patenting.

These results are paralleled by findings favoring pure product strategies over service

The results in Table 4 can be interpreted fairly easily. Revenue growth is slower in
biotech/biomed simply because of the extended product development as compared
to IT/electronics. However, there are also few differences in employment growth as
a function of technology. Biotech/biomed companies grow, but they grow on invest-
ment capital longer and larger than in other industries.

In the product and service comparisons, it is clear that both employment and rev-
enue growth favor service-oriented client companies. This is not too surprising in
that product-oriented companies typically encounter hurdles in accumulating the
necessary capital and production equipment in order to get to scale, whereas ser-
vice businesses are by definition not capital-intensive.

Summary and Comparative Results: Secondary Outcomes

Five items assessed performance on �secondary� outcomes. The secondary out-
comes included two measures of financing outcomes, and three measures of intel-
lectual property outcomes. These are not the usual indicators of business vitality
such as growth in revenues, profits, or employees. However, the study team con-
ceptualized that in the world of technology-based start-ups these outcomes are
important precursors to those more traditional outcomes. The results are presented
in Table 5. It should be noted, however, that since different scales were used for
each of the secondary outcomes, the results are not comparable across outcomes.
However, the outcomes themselves are comparable across different subgroups of
the sample.
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______________________________________
5 Statistical analysis of these data via analysis of variance (ANOVA) yielded several significant
differences (p< .05) including the above.

and mixed approaches in terms of garnering research and investment financing as
well as protecting intellectual property. As Table 1 noted, biotech/biomed companies
are more likely to be product oriented, which could account for the findings here:5

� Product-emphasis incubators reported significantly more equity investment
than service-emphasis incubators.

� Product-emphasis incubators reported significantly more patents than both
service- emphasis and mixed-emphasis incubators.

� Product-emphasis incubators reported significantly more copyrights than
both service emphasis and mixed emphasis incubators.

� Both biomed/biotech and mixed technology incubators reported significantly
more research grant support than IT/electronics incubators.

� Both biomed/biotech incubators reported significantly more patents held
than IT/electronics.

� Both biomed/biotech and mixed technology incubators reported significantly
more patents in-licensed than IT/electronics

Summary and Comparative Results: Incubator Environment and
Management Practices

The last domain of measurement focused on incubator environment and manage-
ment practices that were not directly linked to client services. These 15 items (See
Appendix F) were contextual in nature and addressed how the incubator operated
as an organization, such as doing things that any organization might do (e.g.,
conducting periodic strategic planning). These descriptive and comparative results
are presented in Table 6. As with other groups of items, these measures have
different scales and are not directly comparable. They are comparable across sub-
groups of incubators (in effect, across column but not across rows).
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Primary Outcomes: Best-in-Class Incubator Programs

Consistent with the benchmarking theme of the overall project, Tables 7 and 8
present a different slice of the primary outcome data. As noted earlier, the NBIA
team created separate, customized �report cards� for each participating incubator
that place them in terms of quartile and absolute rankings on both secondary and
primary outcomes. However, in each of the two primary outcome domains�employ-
ment growth and sales revenue growth�the research team felt that it would also be
useful to consider the �best-in-class� programs. Tables 7 and 8 present the top ten
incubators, in order of performance on primary outcomes.
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Two things are evident from this list. Virtually all of the best-in-class institutions
have physical adjacency to a research university, and none is focused exclusively
on a service business strategy. Also, both for-profit and nonprofit incubators appear
on this list.

Considering Table 8, some additional conclusions and impressions emerge from the
data. Again it appears that a strong relationship exists between a product focus and
being best-in-class. The proximity to a major university is not as strong as in the
employment outcomes, and the mix of technologies seems more heterogeneous.
Again, both for-profit and nonprofit incubators appeared on this list. This raised the
question of what the research team might learn by directly querying the best-in-
class incubators.
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Lessons Learned: Best-in-Class Incubator Programs

In order to fill out the descriptive picture of technology incubation, the research
team conducted some preliminary (qualitative) data collection among the 17 incuba-
tor programs that were among the top ten in terms of either (or both) primary
outcomes. The team conducted interviews with the management of all of these
programs that agreed to be interviewed.6

The results follow:

Audubon Business and Technology Center, New York, New York

This is a 100,000 square foot, state-of-the-art research incubator managed by
Columbia University and developed in partnership with the City of New York, New
York State, and Columbia University. The Audubon Center is the only biotechnology
business incubator in the city, housing private research and development life sci-
ences companies. Audubon supplies the infrastructure and equipment to take medi-
cal advances from the laboratory to the health care industry, while contributing to
economic growth through the creation of private sector, biomedically related busi-
nesses.

The Audubon Center is located in Audubon Biomedical Science and Technology Park,
a proposed one million square foot development adjacent to Columbia Presbyterian
Medical Center. The Audubon Biomedical Science and Technology Park is composed
of the Mary Woodard Lasker Biomedical Research Building, which houses the Audubon
Business and Technology Center, and the Russ Berrie Medical Science Pavilion. The
Berrie Pavilion houses a comprehensive diabetes center, genetics research, and a
research program in pediatrics. Work started on the third building in Audubon Park,
the Irving Cancer Research Center, in the summer of 2001. The Irving Center will
house research on cancer, genetics, and cell biology. Columbia Presbyterian Medical
Center comprises more than four million square feet of space and is home to approxi-
mately 14,000 employees, including more than 4,000 faculty and research scien-
tists.

Mitch Gipson, executive director of the incubator, indicates that it provides firms
with clean, appropriate space at market price, access to state-of-the-art equip-
ment, and access to the medical community. The impressive facilities also attract
potential investors and employees.

The incubator program has very stringent entrance criteria. Potential entrants must
have people, money, and intellectual property in place before they will be accepted.
The science needs to be noncontroversial and controlled by scientists who have an
established reputation. The medical center is a nationally recognized leader, and the

______________________________________
6 Each interview took approximately one hour and was relatively unstructured. Each manager was
informed or reminded of the relative standing of his program and was asked to speculate about
what has worked or what has been the source of the program�s competitive advantage.
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incubator management does not want to negatively impact that reputation. The
center houses 20 firms, of which 19 have already received private venture money,
one is publicly traded, and one has received federal Small Business Innovation Re-
search (SBIR) money.

The MGE Innovation Center at University of Wisconsin-Madison,
Madison, Wisconsin

This program is a partnership between the university and Madison Gas & Electric
company. It opened in 1989 and currently is located in a 110,000-plus square foot,
state-of-the-art facility. The facility houses 35 office suites, 40 laboratories, nine
conference rooms, and shared shop facilities, laboratories, and commons areas. In
addition there is 60,000 square feet of multi-tenant office and lab space for estab-
lished firms.

The center has provided laboratory, office space, and support equipment and per-
sonnel to nearly 50 early stage companies. The purpose of the program is to facili-
tate technology transfer from the university and to assist the growth of technology
businesses. The program reports to the chancellor of the university. Usually, the
most successful firms have entered the incubation program with patents or are
based on biotechnology research at the university. These firms must have been
identified as having high growth potential before they are admitted.

The Innovation Center is located in the University Research Park (URP). This is a
separate non-profit entity that develops the land and buildings and leases them to
companies interested in maintaining close contact with the university community.
Companies that have graduated from the incubator or companies from outside the
university can choose to lease facilities in this research park. Currently 34 buildings,
including the MGE Innovation Center, are located in the park. Unlike most research
parks, URP receives no city or state funds to support its infrastructure. The park
houses more than 102 firms employing more than 3,500 people.

Greg Hyer, associate director of the park, says there are two important reasons for
the program�s success. The first is that clients have access to laboratory facilities
and university infrastructure and resources. The second is that firms locating in the
center achieve �branding� or a reputational benefit, that helps them to find venture
money, employees, and customers.

The university resources include a very strong technology transfer office and a
Small Business Development Center. In addition, the College of Business has the
Weinert Center for Entrepreneurship.

Hyer also mentioned that the Center has a growing reputation for having launched
successful high growth firms. New firms know they need to go to the Innovation
Center to establish their credibility. Investors and local service firms come there to
offer assistance, providing client firms with a network of angel investors and a
network of local accountants and lawyers.
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Louisiana Business and Technology Center, Baton Rouge, Louisiana

The Baton Rouge business community and leadership of Louisiana State University
(LSU) embraced this business incubation program, which started in 1988. Both groups
are prominently represented in its governance structure, and representatives of the
academic and business communities play key roles in brokering various relationships,
meetings, and business partnerships. For example, the program is part of the Ourso
College of Business at LSU, and all staff members are university employees, with the
incubator�s executive director reporting to the dean of the college. One benefit of
the relationship with the College of Business is the assignment of MBA students to
the incubator to work as consultants to client companies. Under the direction of the
incubator staff, they assist in developing business plans, marketing plans, and finan-
cial statements.

Currently, incubator operations are spread over four buildings encompassing 47,000
square feet in the central part of campus. Executive Director Charles D�Agostino
indicates that this central, highly visible location has been a major asset. Faculty
members, students, and university officials can easily drop in for meetings or to
satisfy their curiosity about how one becomes an entrepreneur. The physical pres-
ence tends to legitimate these new roles for faculty. Of note, two LSU vice chancel-
lors and five deans sit on the incubator�s board of directors.

The program does not pay rent or utilities on its buildings, and it is permitted to keep
its rental income from clients to cover staff and related costs. The number of
incubator tenants ranges up to two dozen, and there are currently 21 in residence.
The program emphasizes technology-based new enterprises, and about half of the
current clients have some form of university linkage (e.g., a faculty member is a
principal and/or the company is based on university intellectual property). All of this
is enabled by a fairly flexible LSU policy that encourages faculty involvement in
start-ups. The establishment of a new LSU Research Foundation will have a more
systemic role in this area, extending ties to the medical center and agricultural
research operations and enhancing the positive links to university technology trans-
fer.

The incubator benefits significantly from being the operator of several programs that
complement its incubation activities. For example, it runs the LSU Small Business
Development Center (SBDC), which serves upwards of 300 clients per year. This
activity functions as a �farm team� for the incubator, with some start-ups eventu-
ally becoming resident clients of the incubator. The program also operates�for the
Louisiana Economic Development Department�the Louisiana Technology Transfer
Office, which functions to transfer LSU technology and as a portal for the transfer
of NASA technology from the Stennis Space Center and other federal laboratories to
established companies throughout the state. While not nominally focused on start-
ups, this activity tends to be a source of research and development resources for
clients of the incubator and occasionally yields a new client for the program. The
program organizes the state�s efforts to increase the flow of Small Business Innova-
tion Research (SBIR) grants into Louisiana. This includes various training and briefing
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activities, as well as a �Phase 0� service that subsidizes proposal writing efforts.
The incubator also has a large network of relationships with local business service
providers (e.g., attorneys and accountants) who refer potential clients. The upshot
of these many complementary activities is that the incubator is seen as the �go-to
guy� in the state for activities related to technology entrepreneurship.

In summary, the keys to success for this program reside in its rich network of
statewide relationships, complementary program activities conducted for the State
of Louisiana, and stable and visible presence on the campus of a major research
university. It also has had the benefit of a stable core of program staff and leader-
ship.

Software Business Cluster, San Jose, California

This program usually has 10 to 20 companies as resident clients that range in size
from 2 to 24 employees. All are software companies, and as a requirement for
entrance they need to show a demo or pre-Alpha level of product, plus offer a
semblance of a business plan. The focus of the San Jose Software Business Cluster
(SJSBC) is on market development, management development, and financing.

Most of the entrepreneurs come out of larger Silicon Valley companies. To date,
none has come directly out of a local university. Recruiting tends to be word of
mouth or by referral from a venture capitalist, angel investor, or accounting and
legal professionals working with start-ups. There is a great deal of informal network-
ing, in the tradition of Silicon Valley.

San Jose has an entrepreneurial culture and context, and local government is inter-
ested in fostering technology-based start-ups as part of its economic development
strategy. The rich local supply of talented people also contributes to the program�s
success. The program utilizes an extensive informal network of advisors and busi-
ness assistance companies, as well as locally based equity and debt financing. The
presence in the region of a number of large, nationally prominent software and
hardware companies creates many partnering opportunities.

Building rent is paid by the City of San Jose, and rental revenues cover the balance
of operating expenses. However, program staff is very clear to note that it is �not a
real estate operation.� Staff consists of 3.5 FTE�s, including a full-time manager, a
business manager, and an office manager. The incubator manager comes from an
entrepreneurial background, having successfully launched and sold two software
companies.

One of the incubator�s most popular programs is the SJSBC Executive Associate
Program, which assigns senior level interns to work on a pro bono basis with the
companies on specific issues, such as marketing or fund raising. About 85 percent of
companies that enter SJSBC get venture funding or institutional investment. Incu-
bator management requires them to complete and polish their business plans and
then works with them on presentations for investors. Once incubator firms are ready
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to make their pitches, SJSBC�s Venture Capital Referral Program can provide referrals
to investors. Given the quality of the incubator�s clientele, investors value these
referrals.

In summary, this is an incubator that exploits a technological niche, benefits from
location advantages, demands a significant level of pre-admission development from
clients, has an experienced entrepreneur at the helm, and focuses its efforts on a
few key areas of business development.

Long Island High Technology Incubator (LIHTI), Stony Brook, New York

The incubator is located at the State University of New York (SUNY) at Stony Brook
and has been in existence for a relatively long time, having been founded in 1984
(although in a much smaller space than it occupies today). The idea for the incuba-
tor came from a New York State Urban Development initiative in the early 1980s,
which established small business incubators throughout the state. The first incuba-
tor established under this initiative was at Rensselaer Polytechnic Institute in Troy.

The purpose of this incubator is to commercialize technology and to support early
stage businesses, thereby expanding jobs and the tax base on Long Island and in
New York State. The university president is usually the chairman of the incubator
board. Most client firms have come from off campus. Only five clients have come
from the university.

Since the founding of LIHTI, more than100 companies have been associated with its
programs. By the end of 2000 more than 25 companies had successfully graduated
from the incubator. They were generating revenues of more than $175 million through
New York sales alone and had over 800 employees. One graduate firm, which has
since moved to Tucson, Arizona, now has annual sales of more than $350 million.

To enter the incubator a prospective client needs to have its intellectual property in
place or have an application for a patent or a license. In addition, the firm needs to
have some relationship with the university; that is, the university must be able to
supply something the client needs.

Jim Finkle, incubator manager, attributes program success to the incubator�s ability
to offer clients access to world-class scientists, engineers, and graduate students.
SUNY Stony Brook is in the top 50 nationally ranked research institutions, with $130
million in direct sponsored research.

Of secondary importance is that the program provides firms access to laboratories
and equipment and other university resources. Among the resources available to
clients are the Strategic Partnership for Industrial Resurgence (SPIR)�a state pro-
gram that provides companies a 50/50 match when hiring campus researchers to
help solve problems�and the Small Business Development Center. In addition the
incubator has access to numerous world class research centers and laboratories
including an animal research facility, computer science department, and a materials
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research facility. The university also has an effective Office of Technology Transfer
and Licensing, which generated more than $12 million in revenues to the university
last year.

Purdue Research Park Incubators, West Lafayette, Indiana

Purdue University has long been one of the nation�s top 25 public research universi-
ties. In 1993, when the university�s first incubator opened, the facility filled up
quickly with firms started by faculty and graduate students. Currently, 75 percent of
incubator firms are still generated from the university.

Over the past decade, the Purdue Research Park (PRP) has continued to enlarge its
program, which now includes two incubation facilities: the Purdue Technology Cen-
ter and the Business and Technology Center. In addition, Purdue�s Hentschel Center
comprises two facilities to serve maturing and graduating companies. Collectively,
they offer 150,000 square feet of space, housing more than 90 companies, including
more than 40 high-tech start-ups. This growth has enabled PRP�s incubation pro-
gram to become the largest based at any U.S. university.

Similar to other incubators, the PRP program offers various services for start-up
firms including business infrastructure (inexpensive office space, two-way video
conferencing rooms, specialized labs, and secretarial support) and professional busi-
ness assistance (access to university faculty as well as accountants, lawyers and
bankers).

Gregory Deason, director of university real estate, indicates that there are two key
reasons that Purdue�s incubator has been so successful. The first is that, in 1993,
Purdue publicly endorsed its role as an agent of economic development. The univer-
sity subsequently developed a comprehensive, internally coordinated program that
fosters faculty entrepreneurship, commercialization of intellectual property and as-
sistance to local start-up firms.

Second is the Purdue Gateways Program, which is the sophisticated business assis-
tance program that works with all the incubator companies. Started in 1998, Purdue
Gateways was designed to mirror corporate intrapreneur programs at 3M or Hewlett-
Packard. It provides or brokers services including business evaluation, planning,
product development, access to early-stage capital, and assistance in developing
management teams. In addition, a mentor (usually a Purdue alumnus) is assigned to
each start up firm, to help with overall business development. Mentors are assigned
based on firms� needs. In addition to fulltime staffing, the Gateways Program uses
Purdue undergraduate students and graduate research assistants, with many com-
ing from the Krannert School of Management.

Finally, a pre-seed fund was recently created by the University Foundation. This
fund provides up to $250,000 for each selected start-up firm. The program offers
initial funding to help firms develop their technologies and to leverage private seed
and venture funding; thus it provides gap financing between start up and the
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acquisition of outside financing. To qualify the applicant needs a license agreement
in place with the university, and Purdue takes an equity position in each firm.

Association for Entrepreneurial Science (AES), Rockville, Maryland

AES was established in 1984 and operates as a for-profit incubator, or in its own
terminology, a �provider of scientific business services.� It is located in the heart of
the Maryland biotech/biomedical corridor, within the same community that is home
to the National Institutes of Health (NIH). Since its start, the program has served 17
biotechnology start-up companies, which collectively have raised more than $500
million in investment capital, created more than 450 jobs, and have an annual payroll
of more than $30 million.

Aside from its for-profit status, several other features distinguish the AES approach.
For one, there is no set graduation expectation, and companies stay in the facility
as long as appropriate to execute their business plan. Thus far, 12 companies have
graduated and five are currently in residence. For the most part, client companies
are led by entrepreneurs coming out of area biotech/biomedical companies, with
only two firms being NIH spin-offs. These are sophisticated individuals, although a
number have not been a principal in a start-up, and are somewhat naïve at first.

Second, the 40,000 square foot facilities are state of the art, and include an ap-
proved animal facility, an animal treatment room, a low temperature repository, a
clean room, and warehouse space. The program also incorporates several standing
committees that guide the utilization of the laboratory including animal care, radio-
active use, and general laboratory safety. The participating companies are very
research and development intensive, and the quality of their science�along with a
viable business plan�is a major criterion for admission.

Participating companies pay rent that is priced at the low end of the local market
and receive some administrative services from AES staff. However, there is no full-
time staff, and the real attraction for companies is the access to the physical
facilities. In return, AES holds an equity position in each of the member companies,
typically about 5 percent. However, AES does not invest in any of the companies.

In summary, this is a program that leverages the research and development excel-
lence of its region, offers a first-class physical environment for growth, operates a
flexible and low-key approach to incubation services, and attracts a cadre of com-
panies and entrepreneurs with excellent science as a core element of their business
strategy.

The University of Central Florida (UCF) Technology Incubator, Orlando,
Florida

The University of Central Florida Technology Incubator (UCFTI) serves central Florida
with locations in the Central Florida Research Park, adjacent to the UCF campus in
East Orlando, and in downtown Orlando. The incubator facilities consist of more
than 70,000 square feet of client office, laboratory and production space, confer-



21

ence and training rooms, and administrative offices. The program began in October
1999 and now serves more than 30 companies. Its mission is to provide early-stage
technology companies with the enabling tools, training, and infrastructure neces-
sary to create financially stable high-growth enterprises.

In addition UCFTI also provides assistance to university faculty in commercializing
technology and supports the region�s high-tech economic development initiatives
activities. The incubator is integrated into many of UCF�s entrepreneurship and
technology transfer activities.

Companies that enter the incubator must be technology based and have developed
at the least a working prototype of their product or service. Approximately 25
percent to 30 percent of the firms have been spin-offs from university developed
technology.

Much of the incubator�s success can be attributed to its partnerships with the
university and community resources. This includes access to strong, experienced
technical and business expertise at the University of Central Florida via an on-site
Small Business Development Center, a strong advisory board whose members con-
tribute their time and resources, and an Entrepreneur in Residence program. Cur-
rently, two experienced serial entrepreneurs serve the incubator as staff Entrepre-
neurs in Residence. These entrepreneurs, advisors, and incubator business develop-
ment managers meet regularly with UCFTI clients to provide coaching, mentoring,
and other support required to help clients meet their specific goals and objectives.

In addition the UCF School of Business Administration runs several entrepreneurial
education and training programs to support the incubator, including a Boot Camp for
Entrepreneurs and a seven-week �Excellence in Entrepreneurship� course that is a
prerequisite for acceptance into the formal incubation program.

UCF also has a proactive office of sponsored research that strongly supports inno-
vation, technology commercialization, and incubator programs. The office offers
grant writing assistance to help university technology spin-offs get started and
helps in identifying funding opportunities and potential collaborations.

Partnerships have certainly played a large role in the success of the incubator,
which has become a valuable tool in the university�s and region�s economic develop-
ment, technology transfer, and technology commercialization efforts. The incubator
manages two community entrepreneurial efforts. The first is the Emerging Business
Network (EBN), an organization that hosts monthly networking forums and quarterly
high technology plant tours. EBN also provides a platform for information about
business resources and opportunities to emerging businesses. Members include con-
sultants, investors, entrepreneurs, and business resource providers. The second
effort is a seminar series that area professionals host for local entrepreneurs. Topics
range from developing a marketing plan to financing and accounting.
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Intelligent Systems Incubator, Norcross, Georgia

The incubator is a business unit of Intelligent Systems Corp. (ISC), which has much
larger interests in operations management and investment in the information tech-
nology sector. The technological focus of the incubator and ISC is in software
applications. The incubator program has a core senior staff of three full-time-equiva-
lent employees, all of whom have personal entrepreneurial experience, and has the
back-up help of eight to 10 ISC staff members who can provide as-needed assis-
tance to client companies. Started in the late 1980s, the for-profit program has
attained a notable level of stability and sustained performance, particularly given
the recent churning in the information technology sector.

The incubator is housed in a 137,000 square foot facility located in the Northeast
Atlanta metropolitan area, an area that technology companies heavily populate.
Individuals who have prior experience as a principal or senior manager in a software
company lead many of the client companies in the program. A fairly flexible approach
to incubation services parallels this experience base. There is no imposed structure
or strict milestones, although incubator staff can and do move quickly when a client
need arises. Typically, there are about 15 companies in the incubator, and at any
given time ISC is a major investor in about 25 percent of them. The size of the
facility is conducive to clients staying longer, and the average company residency is
three to four years. Since the program is not conceived as an economic develop-
ment initiative per se, and there are no federal or state agencies demanding turn-
over, its policies on graduation are quite flexible. Clients pay a monthly fee that
covers rent and services. While the program has amicable relations with university-
affiliated incubators in the Atlanta area, they are not a significant source of deal
flow or clients.

In summary, this is a program that leverages the assets of an experienced base of
entrepreneurs, a location in an area that is heavily populated by information tech-
nology companies, a large facility that permits companies to reach greater size and
maturity, a flexible approach to services and milestones, and access to the parent
company�s capital and technical assistance.

Sid Martin Biotechnology Development Incubator, Alachua, Florida

Organized in 1987 as an activity of the University of Florida�s Biotechnology Pro-
gram, the Sid Martin Biotechnology Development Incubator (BDI) is located in a
40,000 square foot facility in Alachua and is designed to accelerate development of
early-stage biotechnology companies. Currently, 11 companies participate in BDI,
and most of these firms are based on University of Florida technology. Patti Breedlove,
incubator manager, identified three reasons for BDI�s success. First, the incubator
provides considerable technical resources for start-up biotech firms, including state-
of-the-art laboratory facilities, central instrument rooms, and shared equipment
rooms. It has more than $750,000 in equipment available for tenants� use.

Second is the incubator�s affiliation with the university. University of Florida is one of
the nation�s leading research institutions, boasting $425 million in research expendi-
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tures. In 2002, the university experienced a 70 percent increase in licenses issued,
and it processed 191 invention disclosures. All incubator firms must have some
relationship with the university; for example the firm may be licensing university
technology or a professor may be involved with a client firm.
Breedlove�s third reason is that the incubation program provides professional assis-
tance through in-house and networking activities. Specifically, BDI offers business
development services and assistance in raising capital. The incubation program also
provides companies with access to a number of subscription-only Web sites and
databases for use in accessing information on markets, competitors, and full-image
patents.

BDI thoroughly assesses potential clients by evaluating the candidate�s technology
and its business plan and milestones. The firm must possess adequate start-up
funding and have prospects for obtaining additional funds. A significant percentage
of firms have Small Business Innovation Research (SBIR) awards. Applicants must
also have the potential to develop collaborative relationships with the University of
Florida.

Technology Innovation Center, Wauwatosa, Wisconsin

The Technology Innovation Center (TIC) occupies a 138,000 square foot building
located in the Milwaukee County Research Park, of which almost 85,000 square feet
are useable for incubator operations. The incubator currently has 42 client compa-
nies, with approximately 350 employees in the building. About two-thirds of the
companies are focused on information technology, with a growing fraction (now
about 20 percent) focused on biotech. The TIC has been in operation since 1993
with a three-person staff. About 15 percent of clients (mostly biotech) currently
come from the Medical College of Wisconsin, which is adjacent to the Research Park.
The balance comes from the commercial and industrial base of greater Milwaukee,
with many individuals emerging from larger companies in the area. The incubator has
four academic affiliates: Marquette University, the Medical College of Wisconsin,
Milwaukee School of Engineering and the University of Wisconsin at Milwaukee.
These tend not to be research-intensive (the exception being the Medical College),
so that there is little direct technology transfer in the usual university-incubator
manner. However, many graduates of these schools have ended up in the incubator.

The incubator attributes its success to an �easy rider� or �let�s all be adults� ap-
proach to assistance services. In fact, staff express some discomfort with the term
�incubator,� which is seen as connoting too much of a handholding approach to
working with companies. As a result, while there is a careful and comprehensive
screening process at the onset of a company�s involvement (and more than a few
are rejected), there is no set program or explicit milestones. Moreover, there is a
fairly flexible policy regarding graduation, and the average client tenure in the incu-
bator is about four years. Staff typically broker or provide assistance services in
response to a client request, rather than as a result of a formal, periodic review of
company progress. In many cases, however, the staff quickly and forcefully inter-
venes with a company when it appears that things are going downhill.
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The incubator places great stock in client-to-client interaction, and the director,
Guy Mascari, places some emphasis on maintaining a culture or organizational envi-
ronment that encourages such interactions. For example, at a monthly breakfast
meeting an external speaker�or resident client�will make a presentation on some
topic of client interest. Networking and cross-referrals among client companies are
common.

Finally, the incubator sees its primary role as the business development of client
companies, rather than community or economic development. Management believes
that the latter outcomes will happen if they simply succeed in the former. The
director and the three-person staff all have business or corporate backgrounds,
which they see as a plus.

In summary, there is a very flexible, no-nonsense incubation operation that employs
relatively few structured or programmatic approaches to its work but prides itself in
maintaining a culture of mutual support among its clients.

Ceramics Corridor Innovation Centers, Alfred and Painted Post, New
York

This program consists of two incubator facilities, one of which (40,000 square feet)
is located in Painted Post and currently houses seven companies. Some of its cur-
rent clients are involved in technologies such as photonics, ceramics, filtration,
precision machining of high-fired ceramics, and optoelectronics. The second facility
(30,000 square feet) is located in Alfred and currently houses eight start-up compa-
nies that focus on areas such as glass and ceramics applications, amorphous met-
als, decorative tile for commercial use, microwave sintering, thin film technology,
and ceramic/Zirconia surgical implants. It also includes a new Advanced Research
Center in Photonics program operated by Alfred University that has been funded
though the New York State Office of Science, Technology & Academic Research
(NYSTAR).

Executive Director Jon Wilder indicates that access to resources at the New York
State College of Ceramics and Alfred University are major keys to the program�s
success. Graduates of Alfred University operate some of the client companies in the
incubators, and others represent faculty-based start-ups. Corning Inc. and other
corporations located in the Southern Tier of New York State are also sources of
start-ups, leveraging their research and development facilities in the area.

The program incubates corporate projects as well as other entrepreneurial start-
ups. A promising early-stage technology may emerge from a university researcher or
corporate laboratory. However, the technology may need maturation via proof-of-
concept advanced research or prototype development, activities which are con-
ducted in one of the incubator facilities and paid for from a mix of corporate,
government, and in-kind funding. Once this maturation process is completed, deci-
sions are made about subsequent intellectual property protections and whether the
technology should be licensed or a business start-up should be formed.
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In addition to the project-based linkages between the university and incubator, the
provost of Alfred University sits on the incubator�s board, as does an executive vice
president from Corning Inc. Alfred has coursework in entrepreneurial management
and student groups visit the incubator. There are also opportunities for student
interns and part-time job placements. About 15 faculty members routinely interface
with the program, and the culture of the university has become more receptive and
enthusiastic about such relationships. Staff members of the program have an �open
door� relationship with faculty on campus, and there is a great deal of informal
interaction. It should be noted that the State of New York views the Ceramics
Corridor Innovation Centers program as a major asset in its plans to develop the
region around technology, and several initiatives are in various stages of planning
and development. One initiative will involve five Fortune 500 companies and a con-
sortium of 16 technology research-related universities, which will be focused on the
further research, education, and commercialization of photonics technology. This
initiative is known as the InfotonicsTM Center of Excellence in Photonics and
Microsystems.

The State of New York initially provided the incubator program $10 million in com-
bined grant and loan funding in the late 1980s. The buildings were constructed
during 1992 and1993, which is when the program really took off. Current operational
expenditures are covered primarily through rent revenues and services provided.

In terms of services delivered to client companies, the program has an extensive
mentoring program involving a mixture of corporate talent from Corning Inc. and
other corporations, university-based faculty consultants, and various business as-
sistance organizations. It also works with the Small Business Development Center
(SBDC) program at Corning Community College. As noted above, the R&D assistance
linkages are of major importance, with many of these being organized through a
partnership with the Center for Advanced Ceramic Technology of Alfred University
founded in 1987. This center is one of 10 Centers for Advanced Technology created
by the State of New York to speed technology from the state�s public and private
universities to the marketplace; it operates as a public-private partnership.

Panasonic Digital Concepts Center, Cupertino/San Francisco,
California

Founded in 1998, the Panasonic Digital Concepts Center (PDCC) consists of two
incubator facilities, located in Cupertino and San Francisco. Together they can
house up to 12 early-stage companies developing broadband, networking, wireless,
or digital TV/multimedia technologies.

This is a unique incubation program, combining venture investing, incubation, and
strategic partnering under one roof. PDCC admits only firms that provide the best
opportunities for Panasonic�s parent company, Matsushita Electric, by expanding
Panasonic�s research and development activities and offering the means to see new
products that are being developed in the U.S. market.
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For firms meeting Panasonic�s requirements, PDCC provides the necessary resources
to help accelerate business development. These include physical infrastructure such
as furnished office space and lab facilities, and a strong set of professional re-
sources, including experienced consultants, bankers, lawyers, accountants, advi-
sors, and prospective investors. Another critical resource that PDCC offers is access
to numerous engineering and advanced development teams within Matsushita that
provide technology evaluation, market validation, and the potential for technology
licensing or collaborative development.

Brad McManus, managing director, indicated that there are three key reasons for
PDCC�s success: 1) the group�s direct investment program that offers funding of
PDCC incubator companies; 2) a network of Silicon Valley resources to which PDCC
has access, including strategic relationships with other incubators; and 3) the clus-
tering of companies that can gain from relationships with Matsushita.

PDCC will invest in incubator firms (up to ten percent of total capital in financing
rounds led by institutional venture capitalists) to advance strategic relationships
between the company and Matsushita. Investments in incubator companies usually
range from $200,000 to $400,000.

The fund also invests in later-stage companies that offer some strategic opportu-
nity with Panasonic�s parent company. These investments generally range from $2
to $5 million. Once an investment is completed, firms have access to Matsushita�s
vast resources. The result is that fund professionals are active partners who are
financially motivated to ensure success of their portfolio companies.

PDCC makes a substantial commitment to developing its network for the benefit of
portfolio companies. It is proactive in networking with other VC for co-investment
and deal flow. For example, the center hosts a quarterly early-stage venture event
to which 15 active venture firms each introduce two companies that they have
selected to the other participating venture groups. PDCC�s incubator companies
have the opportunity to pitch to the venture firms at these events, and PDCC staff
gets to see other pre-qualified, early-stage companies they may want to invite to
participate in the incubator.

Finally, PDCC managers have many years of experience assisting high-growth tech-
nology start-up firms to develop successful business models and to obtain equity
financing.

Center for Emerging Technologies, St. Louis, Missouri

Focusing on biotech and biomedical technologies, this incubation program has a
particularly strong partnering relationship with Washington University Medical Cen-
ter. Its first building (42,000 square feet) opened in 1998 and is comprised of both
laboratory and office space. It is 92 percent leased. A second facility added 50,000
square feet of expansion space and is housed in a historic building that dates from
1907. It is 75 percent leased. Both buildings have extensive telecommunications
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capacities; the second facility is mostly office with some assembly and production
space. The Center currently has 14 client companies, with 90 percent having tech-
nology roots in Washington University and 85 percent being in the biotech/medical
device sector.

Clients have extensive technological platforms for their companies, and the program
boasts that clients have been issued 75 patents, with another 81 pending. Client
companies have raised more than $200 million in investment over the course of the
program, although only three companies have graduated to date given the lengthy
development cycle of biotechnology. There are no strict expectations regarding
time-to-graduation. Expectations are that 80 percent to 90 percent of the clients
will eventually graduate. Currently, tenant companies employ more than 140 indi-
viduals with an average salary that exceeds $60,000.

Admission requirements are relatively strenuous, with clients expected to have vi-
able intellectual property and a market focus in place prior to entry. Nonetheless, a
considerable amount of applied research does take place while clients are in resi-
dence in order to mature their technology platforms, and this past year the firms
have secured more than $7.5 million in research grant funding.

The principals in client companies tend to encompass a wide range of experience,
with a relatively large fraction being involved in their first start-up. As a result, the
incubation experience is fairly structured, with clear milestones and guidelines. Ev-
ery client has a mandatory quarterly review of progress relative to plan, and there
are frequent ad hoc meetings as well. Since about half of the clients already have
venture capital backing, their investors also provide considerable oversight. More
than 25 scheduled training events relating to intellectual property protection, the
Small Business Innovation Research (SBIR) program, technology transfer, etc., take
place on the premises each year.

In summary, this is a program that leverages the research excellence of a major
university, a growing regional biotech/medical device sector, a structured incubation
approach, and excellent facilities.

Business Technology Center (BTC) of Los Angeles County, Altadena,
California

In contrast to many nonprofit incubators, this program is run by a government
agency, the Community Development Commission (CDC) of the County of Los Ange-
les. The CDC is an economic development initiative, and all Business Technology
Center (BTC) employees work for the CDC. The program has benefited from its public
sector lineage in an important way: a first class physical facility. The new building
was opened in 1998, and has excellent accoutrements including state-of-the-art
telecommunications, high-tech security, and a pleasing appearance. The building
and the land are totally owned by the CDC.

As a CDC project, the incubator is located in a lower-income area of Altadena, a
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suburb north of Los Angeles that is adjacent to Pasadena. The incubator is about a
mile from a major east-west freeway. The expectation is that the presence of the
incubator and its success in graduating clients will enhance regional economic de-
velopment in the county. Thus far, four companies have graduated. Three have
located in Los Angeles County, while a fourth has moved to Orange County. The BTC
is in a state enterprise zone, which means client firms can make use of special tax
credits. Firms also can access a seed capital (loan) fund and other CDC loan pro-
grams.

There are 31 companies currently in the incubator, which is a high water mark for
the program. Of these, 40 percent came from either the California Institute of
Technology (Cal Tech) or the Jet Propulsion Laboratory (JPL), both in Pasadena.
Others are drawn from throughout the Los Angeles area, with the Internet being a
useful recruitment tool. It is important to note that the companies �coming out� of
Cal Tech or JPL are doing so in an informal way. There are no official agreements
between the incubator and the technology transfer offices of either institution,
although there is a healthy informal referral relationship. Often the client company
principals are still working at JPL or Cal Tech, and either moonlighting or transitioning
into becoming full-time entrepreneurs. Individuals with some prior start-up experi-
ence operate slightly fewer than half of BTC client companies. Most of the compa-
nies are built around technology platforms from engineering or the physical sciences,
and the balance are in software applications.

The incubator staff is composed of four FTE professionals and support staff, and
four part-time interns. The project manager has extensive background in finance
and some history working with start-ups; the operations manager has a banking
background. There is no governing board, although an advisory committee is in
formative stages.

The incubator�s technical assistance program is fairly unstructured, with staff re-
sponding to client needs and demands as they emerge, as opposed to putting them
through mandatory formal reviews or milestones (�If they need help, they will ap-
proach staff�). There is an on-site Small Business Development Center, but it tends
to service regional businesses rather than BTC tenants. The BTC does provide
informal workshops that are led by professionals on a variety of topics including
intellectual property protection. There is no mandate regarding graduation, but the
norm for residence is three years.

The incubator�s leadership points to the fact that JPL and Cal Tech are both less
than three miles away as a major cause of its success. This is a huge resource for
cutting-edge science, talented professors and smart students.  BTC tenants also
have been quite successful in obtaining loan or equity financing.  Clients may access
a loan program (whose funds can be used as seed money), and eight loans totaling
over $1.1 million have been awarded. These tend to serve as a financial springboard
for subsequent venture capital investments. Illustratively, BTC firms have received
more than $35 million in venture capital or angel investment. As one example, the
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BTC loaned $250,000 to a start-up biometric firm, which permitted it to hire staff
and put management systems in place. The firm recently closed on $4 million in first
round venture capital funding. The Los Angeles County Board of Supervisors re-
cently approved permitting the technology loan program (the seed fund) to offer
convertible debt; this debt could later be converted to equity, warrants or royalties.
The program can also take equity positions in firms as they enter the BTC.

This program leverages a significant investment and mission commitment by a county
agency, proximity to world-class research and development assets, knowledgeable
staff, and creative access to capital to create a high-performance incubator opera-
tion.

Common Results

Taken together, it is obvious that the top-performing incubators identified in the
benchmarking effort have two very strong attributes that the program managers
have identified as critical to their success. Both factors are related to the incuba-
tors� location within or adjacent to a major research university, medical institution,
or federal laboratory, or in an otherwise resource-rich environment. These technol-
ogy incubation programs have accessed the nearby research institutions and envi-
ronments to provide their start-up firms with networks of highly specialized techni-
cal assistance providers, qualified workforces (including relatively low-cost graduate
students), specialized laboratories, and equipment. In addition, these affiliations
provide the entrepreneurial firms credibility and reputational benefits. (The incuba-
tors themselves have become known for assisting fast-growth technology firms.)
The result is these firms are able to attract highly qualified employees, have credibil-
ity with suppliers and customers, and have access to private venture and angel
financing.

Predictive Results

The study team conducted standard multiple regression analyses to determine the
extent to which incubator practices and services delivered to client firms predicted
performance outcomes achieved by those firms. As noted above, this analysis should
be considered exploratory in nature, in that existing research in the field has not
yielded strong statistical relationships between incubator practices and outcomes
(Allen, 1990; Lewis, 2003).

It will be recalled that the client performance outcomes were organized into pri-
mary and secondary categories. Primary performance outcomes consisted of
changes in either:

� Employment
� Sales revenues

Secondary performance outcomes for clients covered the following areas:
� Amount of equity investment received
� Amount of research grant support received
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� Patents held
� Copyrights held
� Extent of in-licensing of patents, copyrights, or trade secrets

The results reported here are organized in terms of the predictive model being
tested, or in other words, which of the seven primary or secondary performance
outcomes were being predicted by what combinations of services delivered to cli-
ents.

Predicting Primary and Secondary Outcomes from Client Assistance
Practices and Services

Following the data consolidation approaches discussed above, the 20 practice and
service variables were reduced and consolidated7  into seven factors regarding the
type of assistance or predictor variables that were potentially related to perfor-
mance outcomes. These included:

1. Core business assistance encompassing broad issues that would need to be
addressed by any business (e.g., help in developing a business plan)

2. Specialized business assistance, covering issues that were more complex
and might demand specialized expertise (e.g., legal assistance regarding
patents)

3. Technology-specific business assistance, encompassing issues that were
specific to a technology-based business (e.g., help in linking to university
R&D)

4. Assistance in securing student employees
5. Help with regulatory compliance
6. Access to Internet and IT services
7. Assistance with developing process-related technologies

Researchers then subjected the resultant database to a regression analysis. In
effect, we were trying to explore the relationships between the seven predictor
factors (covering the assistance services received by clients) and the seven pri-
mary and secondary client performance outcomes listed above. Tables g-1, g-2, g-
3, and g-4 (in Appendix G) summarize the results.

The study team found some statistically significant predictive relationships between
the secondary performance outcomes (including both financial and intellectual prop-
erty variables) and the seven predictors. In other words, across our sample of

______________________________________
 7 This involved a principal components factor analysis with varimax rotation.  Three interpretable
components were retained that accounted for 55 percent of the variance. The variables that loaded
into the three components were then recalculated as subscale scores by summing the scores on
the individual variables for each component and, based on those results, then consolidating indi-
vidual items into composites.  The three new composite variables and the original variables that
were included in subsequent analysis included: core business assistance, encompassing question-
naire items (see Appendix D) 1, 2, 4, 7, 8, 12, 15; specialized business assistance, including
questions 3, 9, 19, 20; and technology-specific business assistance, questions 5, 10, 17, 18.  Four
additional practices and services items (assistance securing student employees, help with regula-
tory compliance, access to Internet and IT services, and assistance with process-related technolo-
gies) that were not included in the three composite variables were also included in the regression.
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incubators and their clients, no assistance measure seems to be directly and consis-
tently related to the primary business outcomes of employment and sales growth.

In addition, the assistance factors that seemed to have the most predictive power
in relation to secondary outcomes were ones that were specific to technology
business.

Thus the technology-business assistance component was related to:
� Research grant support;
� Numbers of patents;
� Extent of in-licensing either of patents, copyrights or trade secrets.

Moreover the strength of these relationships was quite powerful.8  In effect, tech-
nology business incubation assistance works, but particularly or primarily on out-
comes that can be conceived as precursors to outcomes such as sales and employ-
ment growth, and through the vehicle of assistance services that are very specific
to technology companies.

Predicting Primary and Secondary Outcomes from Environment and
Management Practices

The predictive model that was tested here was whether the non-assistance ele-
ments of incubator activities would predict client performance outcomes. Research-
ers reduced the 15 Incubator Environment and Management Practices variables to
10 predictive factors using procedures analogous to those discussed above. This
helped researchers define one composite variable related to information-based man-
agement, which seemed to them intuitively sensible, and nine individual Incubator
Environment and Management Practices variables.

Table e-5 summarizes the results of the regressions, which yielded one statistically
significant relationship between the seven primary and secondary client perfor-
mance measures and the 10 predictors. Unfortunately that relationship is difficult to
interpret and may be spurious. Some of the constituents of the predictive model
(e.g., a larger program budget, doing annual employee reviews) seem to be indica-
tors of a resource-rich or �flush� incubator environment. Perhaps this increases the
ease with which lawyers can be paid or dragooned to help in securing intellectual
property protection via patents�all in all an interpretative stretch.

Predicting Primary and Secondary Outcomes from a Combined,
Everything-but-the-Kitchen-Sink Model

The study team also conducted regression analyses to determine the accuracy of
the Incubator Practices and Services variables and the Incubator Environment and
Management Practices variables taken together in predicting primary and secondary

______________________________________
 8 The p value ranged between p<.01 (for two of the relationships) and p <.001 for research grant
support.  In effect the chances are between one in a hundred and one in a thousand that these
results could have emerged by chance.  These would be considered highly significant relationships
for the social sciences.
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incubator performance outcomes. The results indicated that this combined model
adds no incremental power to the analyses already reported.

Interpreting the Predictive Results

From one perspective, the predictive results are disappointing. That is, none of the
incubator business assistance practices, nor the environment and management
practices appeared to show any predictive relationships to client outcomes such as
firms� employment or sales growth. One can, of course, search for answers in meth-
odological nuances such as sample size and shortcomings in measurement instru-
mentation. Regarding the former, a rule of thumb in conducting regression analyses
is to have at least 15 times the number of subjects (in our case, incubators) as the
number of potential predictors. In several of the regressions described above we did
not meet this ratio criterion, which tends to reduce the predictive power of the
statistic.

However, perhaps a more parsimonious explanation may lie in a rethinking of how
business incubation works generally and in a technological context. In order for a
predictive relationship to exist between a service practice and a performance out-
come, that practice would need to be important and strenuously applied to most
clients that come through an incubator program. Is that reality? Most likely, every
company has a different �needs profile� of what should be improved in order to
achieve business success. This might account for the generally low level of predic-
tive relationship between services and outcomes in the research literature on incu-
bators. However, when one considers technology-based entrepreneurial companies,
there may be some assistance needs that are consistent across clients and that in
effect define the field. Intellectual property protection is a good candidate, as is
accumulating support for research and development. In fact, the regression findings
reported above are consistent with this interpretation.

What is also missing from this analysis is any consideration of the larger context in
which these programs operate. As the case studies of the best-in-class programs
illustrate, these programs represent a variety of regional economies, linkages with
research and development organizations, and local cultures. Some needs of client
companies may be being met by �wired in� aspects of the local setting, which will
vary widely across locale. So, the challenge that we were trying to address in this
predictive analysis was to discover what factors are related to client outcomes
across clients, contexts, technological emphases, and a variety of other givens.
Considered thusly, the findings are understandable and not too discouraging.
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DISCUSSION AND RECOMMENDATIONS

The Continuing Search for the Grail of Model Incubator Practices

With very high expectations the research team launched this project with the as-
sumption that it could: (1) measure incubator performance and sort out the elite
from the more modest performers; and (2) define a data-based understanding of
which incubator practices seem to produce which outcomes.

It appears the researchers succeeded more with the first objective. Building a data-
based model of exemplary practices proved elusive. None of the predictor variables
in the regression analyses appeared to be strongly related to primary perfor-
mance outcomes (e.g. increased revenues and employment), although there were a
number of statistically significant relationships with secondary outcomes, such as
gaining financing and acquiring intellectual property. Perhaps these results reflect in
a crude way what actually happens in technology business incubation. In other
words, assistance services directly impact only the precursors to �real� business
outcomes, while the latter in turn are most affected by external markets and eco-
nomic events, far beyond the reach of the incubator.

The andful of interviews of exemplary programs reflects on these issues as well. It
was not obvious from those data that there is any consistent pattern of incubators�
providing assistance to client companies. Some incubators, particularly those with
relatively naïve entrepreneurs leading client companies, had fairly structured pro-
grams, with clear milestones and mandatory review of progress to plan. Others, with
more experienced entrepreneurs, had a much more relaxed and available-on-demand
approach to assistance. It was also clear across all of the exemplary programs that
incubator managers judged no single assistance practice to be of such importance
that they universally applied it across clients. This, in itself, would account for the
low quantitative relationships between practices and outcomes reported elsewhere
in this report.

The Benefits and Attraction of Benchmarking

This project tended to operate within the concept and framework �benchmarking.�
This included the NBIA team providing (in a parallel series of reports) direct feedback
to individual incubators on how their performance compared to peers. It also in-
cluded naming �best-in-class� programs that the data suggested were performing
more effectively than peers. Both of these steps will accelerate learning among and
across programs. People not only want to know how they did, but how they can do
better next time.

We also believe that the benchmarking approach lends itself nicely to gaining rich
qualitative information from incubator programs. Some of this is presented in this
report, and more can be mined from the best practitioners.
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Data Collection Shortcomings or Incubation Practice
Shortcomings?

There were shortcomings in the research data that were unfortunate and, in some
sense, a reflection of shortcomings in the incubator industry. As earlier noted, the
Advisory Committee and field-testing of the questionnaire showed that incubator
managers did not feel that they were able (or inclined) to provide detailed numbers
on either the past and current performance levels of client companies or the scope
and extent of services that they delivered to client companies. In effect, it appears
that they didn�t really know what they did or what happened as a result. The results
suggest that future benchmarking studies should incorporate more precise measures
of outcomes.

This is not just a methodological issue. It raises the question: What is the level of
firm diagnosis and proactive provision of assistance, or even organized programming,
that is actually operating in incubator programs? In other words, if incubator manag-
ers and staff are operating primarily or exclusively as referral or networking opera-
tions, then what is business incubation? This research suggests a need for more
qualitative or descriptive study of the factors underlying the assistance practices of
incubators.
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APPENDIX A: Prior Research on Business Incubation

Over the past several years, a small body of research on business incubation has
emerged. For the most part, that research has focused on some fundamental ques-
tions about the practice, including:

� Does incubation work?
� Are different outcomes achieved with different kinds of incubators (e.g.,

technological versus others)?
� What services define business incubation, particularly technology business

incubation?
� What is the relationship between services and client business outcomes?

Thus far, the existing research has been more successful in addressing the first
three questions than the fourth one.

Does Business Incubation Work?

To illustrate the first type of study, in 1997 a research consortium including the
University of Michigan, NBIA, Ohio University, and the Southern Technology Council
completed a comprehensive Impacts of Incubator Investments Study (Molnar et al.,
1997) with funding from the U.S. Department of Commerce Economic Development
Administration (EDA). This effort was the first to profile the varied impacts of incu-
bators on their communities. Results showed that incubators have impressive, mea-
surable impacts and represent a �best value� in economic development based on low
costs and high return on investment. The subsidy cost per job created was only
$1,109. This calculation included capital costs of the incubator building and any
operating subsidy. Cost per job would naturally decrease over time as building costs
are amortized over additional jobs produced by incubator companies.

A major strength of the EDA study was that the study team obtained performance
measures directly from 126 clients and graduates of the incubators. Outcome mea-
surement included new businesses and jobs created, firm revenues, equity capital
invested, technologies commercialized, graduate company survival rates, etc. Some
measures were general to all incubators and some applied only to specific types of
programs (e.g., technology, empowerment, and mixed-use incubators).

Are Different Outcomes Achieved?

Although the EDA study results were generally positive, they were particularly so
regarding technology-based programs and client companies, thus addressing the
second research question mentioned above. Reflecting trends elsewhere, the amount
of firm growth and value-added was marked among technology-based enterprises.
Technology incubator client gross sales increased almost 800 percent and employ-
ment increased by 400 percent from the time the company entered the incubator
(on average, 1993) until 1996, the period for which data was collected.
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The EDA study showed that technology incubators provide clients a multitude of
services critical to their success including assistance in building management teams,
acquiring intellectual property protections, and developing financing. A majority of
firms surveyed reported that incubators expanded their resources and significantly
contributed to their success. Fully 90 percent of companies that had ever gradu-
ated from technology incubation programs surveyed in the EDA study were still in
business.

It should be noted that the EDA study looked at performance outcomes across three
major incubator types with a small sample size in each type (50 programs alto-
gether), and the approach to collecting practice data was relatively weak (focusing
primarily on a checklist of services that incubators potentially provided to clients).
In addition, the sample size precluded a detailed analysis of practice impacts, such
as correlating performance with practice activities.

Kind of Services that Define Business Incubation

Addressing the third research question in 1995-1996, NBIA participated in a best
practices study conducted by the Southern Technology Council (Tornatzky et al.,
1996) that profiled and documented policies, services, and activities of a national
sample of 54 technology business incubators. A panel of peers judged these to be
exemplary programs, although the absence of quantitative performance data across
the sample did not permit verification of this characterization. Nor was the project
able to show a quantitative relationship between specific practices (or broader
practice domains such as client financing), or to determine whether these practices
could serve as predictors of performance outcomes. Nonetheless, the study was
qualitatively rich in its description of a wide range of technology business incubation
practices underway nationwide.

Recent work supported by the Maryland Technology Development Corporation (Wolfe
et al., 2001) has expanded the descriptive understanding of client service best
practices. This study built on earlier work by examining a more select group of
recognized, top-performing incubators and obtaining more detailed information from
them on similar types of practices.

In 2000, NBIA and Ohio University looked at the performance of a small group of rural
incubators (Adkins et al., 2001) and the degree to which they incorporated 35
commonly accepted incubator best practices. The comparative case analyses sug-
gested a relationship between compliance with these best practices and incubator
and client performance.

Before moving on, it would be useful to comment about the logistics and organiza-
tional politics of gathering these types of data. The body of research just reviewed
(and other work not cited) tends to gather two types of data: information on
incubator client performance improvements; and information on incubation services
and activities, most of which are directly delivered to incubator clients. In turn, the
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sources of these data tend to be twofold: information gathered from incubator
managers; and information gathered from client companies. These types and sources
of data create research design choices, each of which has its positives and nega-
tives.

For example, data about performance outcomes that are gathered directly from
client companies provide tend to be precise, valid, and reliable; however, it is diffi-
cult for researchers to extract this information from the managers of start-up com-
panies. Unfortunately, EDA study researchers concluded that this was an extraordi-
narily difficult and expensive task. Chief executive officers (CEOs) of start-ups are
very private and loath to provide proprietary information that might be leaked to
competitors. Each data point involves extensive back-and-forth discussion and en-
treaties, which adds to the research team�s time. Conversely, we also found that
company CEOs were not very good information sources about the profile of services
delivered by incubators. Since they get business development help from a variety of
sources, some of which involves intervention or brokering by the incubator manage-
ment, the entrepreneurs find is difficult to sort out where they got what from whom.
In part they don�t really care, since a careful examination of the impacts of incuba-
tor services is not high among their priorities.

The situation is somewhat different with incubator managers. They have extensive
relationships with dozens of client companies, concurrently and over time. Many
incubators are understaffed, and there are few incentives for careful record keep-
ing. There also seems to be a reluctance among incubator managers to keep close
tabs on the precise performance of client companies. In effect, incubator managers
do not operate analogously to venture capitalists in terms of tracking return on
investment. In several studies, incubator managers have indicated that they have,
at best, approximate awareness of the extent of client company performance im-
provement. In addition, while incubator managers have a good grasp of the type of
services that they offer across all client companies, they seem to have limited
ability to chronicle the specific services that were delivered to any given company.
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APPENDIX B: Research Methods

The following subsections present an overview of the research approach. Additional
detail is provided in Appendices C, D, E, and F.

Research Advisory Committee

Every step of the methods development involved both field-testing as well as sound
advice from a nationally prominent group of individuals who were experts on the
incubator industry and/or evaluation methodology. The list of Advisory Committee
members is provided in Appendix D.

Research Sample and Data Collection Procedures

The final study sample consisted of 79 technology incubators. This represents ap-
proximately 24 percent of all U.S. technology incubators, although as will be seen
below, such estimates are problematic.

The process of recruiting the study sample consisted of several steps. First, NBIA
searched its membership databases (National Business Incubation Association, 2001)
and identified 329 incubators that had described themselves in a national survey as
having a technology business focus. This constituted the �candidate� study popula-
tion.

Researchers contacted each of the self-identified technology incubators via letter,
email, and phone, and various combinations of these means. All were asked to
participate in the study, and a copy of the data collection was transmitted via
hardcopy and/or electronic format. A sample of the contact letter is provided in
Appendix E.

Of the 329 incubators that were initially contacted, 59 appeared to be either out of
the business or indicated that they were not a technology business incubator (the
dot-com incubator �bust� was still underway, although in later stages, when the
study was initiated). An additional 18 programs responded that they were too new
to have yet had three graduate or client companies, and four other programs re-
sponded they were �between managers� and so had no person who could respond to
the survey. As a result the adjusted population was 248. Since the study effort
eventually generated 79 responses, the response rate was 24 percent of the origi-
nally defined study population and 31.9 percent of the adjusted population. The
study team utilized upwards of five follow-up contacts�via mail, email, and phone�
to elevate the response rate.

Questionnaire

Reflecting the data collection issues discussed above and the resource constraints
of the project, the team decided to develop a questionnaire that would use incuba-
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tor managers (or their designees) as the exclusive respondents. The research team
did not provide a questionnaire or make other data collection contacts with incuba-
tor clients.

There was one other reason to use this questionnaire strategy: NBIA hopes to use
this project as a springboard to a longitudinal program of performance benchmarking
among its members. As such, the data collection approach and instrumentation
needed to be accessible, reasonable, and inexpensive for the industry. Gathering
information directly from incubator clients is none of those things.

The questionnaire is provided as Appendix F. Several design features are worth
comment.

Client Focus of Data Collection

As noted above, the data collection strategy called for asking incubator managers
for information about their clients. But which clients? Clients in general? The manager�s
�stars�? The research team decided to ask each manager to provide data on three
clients (A, B, and C) that were either the last three graduates, or in the case of a
new incubator, the last three admitted clients. (The actual study population split
about 50/50 between these response options.) As a result, each specific question
about client performance or exposure to services was in effect repeated three
times. After field testing and input from our Advisory Committee, the approach
proved to be workable.

Substantive Domains of Measurement

The research team gathered information in four broad areas, with the first three
being client-focused and the last addressing organizational and management prac-
tices of the incubator itself. The first part of the questionnaire addressed back-
ground information of the A, B, and C and clients, such as their entry into and
graduation from the incubator, tenant versus affiliate status, service or product
emphasis, and technology focus. The research team was very careful in the wording
of the questionnaire to indicate that managers were not to provide the names of
clients A, B, and C, thus providing them with a significant degree of confidentiality.

The second part of the questionnaire addressed the extent to which clients A, B,
and C received each of the 20 services.

The third part of the questionnaire addressed performance changes experienced by
clients A, B, and C during their engagement with the program. These performance
outcomes included secondary outcomes that researchers hypothesized as precur-
sors of familiar business impacts. These covered financing and intellectual property.
The primary outcomes focused on changes in employment and revenues.

The final section of the questionnaire inquired about the environment in which the
incubator operates and the extent of the incubator�s utilization of 15 management
practices or organizational approaches. These questions were not phrased in terms
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of clients A, B, and C, although those relationships were assessed empirically in the
analysis (see Results section).

Scaling

The research team spent considerable time, discussion, and field-testing to develop
the version of the questionnaire provided in Appendix F. Rather than asking for
specific, factual answers in any domain, the team employed a Likert scaling ap-
proach. For example, managers provided estimates of client gross revenues on a
five-point scale, with each scale point encompassing a wide range of values. For
example, the 4th scale point on a five-point scale of client sales revenue read as �__
$1M to 5M,� which encompasses a spread of $4 million. The benefit of this approach
was that incubator managers were willing and able to fill out the questionnaire, and
it also reinforced that they were not violating the confidentiality of their clients. The
downside of the approach, as will be seen below, lay in the extreme loss of precision
and general degradation of the database.

Data Analysis

Pursuant to this report, the study team conducted three major data analyses, as
follows:

Data Coding and Data Consolidation

As noted above, several of the questions involved unique responses for clients A, B,
and C. Researchers combined responses to such items so as to represent the aver-
age response across clients. We also devised a coding scheme for scaled items (see
above) such that the data point was a number that corresponded to the highest
level of a scale (e.g., most revenue = 6; least revenue = 1). The nature of some
items called for the computation of �change scores,� particularly in terms of primary
outcomes. For example, since data were gathered on employment at entry as well
as employment at graduation, simple subtraction yielded a change score. Finally,
based on responses to the first section of the questionnaire, we coded the incuba-
tors in terms of their dominant technological focus, as well as the product versus
service mix of their clients.

One final important bit of data consolidation is worth noting. Since the database
was subjected to predictive analysis via regression techniques (see below), it was
important for statistical reasons to reduce the variables that were used in the
prediction equations. Based on a technique called factor analysis,9  researchers
computed composite scores that in effect combined data from several different
measures.

______________________________________
 9 Factor analysis involves statistically examining data from a relatively large number of individual
measures, and discerning common pattern of relationships within a sub-group of measures.  Thus,
for example, data from measures A, B, C, D, and E might be �reduced� to a composite of all five
which might be called factor X.  The net result is to increase the statistical power of other analyses,
such as multiple regression.
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Descriptive and Comparative Analyses

This component of the analysis involved fairly straightforward presentation of the
data so as to highlight overall performance trends, clients� use of various assistance
practices, and the incubators� environment and management practices The study
team developed comparisons as a function of technology focus and product versus
process emphasis of the incubator.

Predictive Analyses

This analysis involved multiple regression,10  which can best be understood as trying
to explain (or �predict�) how an outcome in which we are keenly interested (e.g,
client revenues) changes as a result of different combinations of inputs (e.g., re-
ceiving a mix of client services). The practical value of predictive analysis lies in the
assumption that if we know at a high level of statistical confidence11  that variables
A, B, and C �predict� outcome X, then in the real world we might try to enhance A,
B, and C and hope to achieve more or better results. Of course, sometimes this
assumption is over-optimistic or unwarranted given the complex nature of causation
in the real world. In fact, this component of the analysis should be considered
exploratory in nature, in that it was hampered by the relatively small sample sizes
and unavoidable measurement issues.

Phone Interviews of Best-in-Class Programs

The study team called managers of the top programs and asked them to identify
what they believed to be their program�s best practices. These interviews resulted
in written profiles of each program that were sent to each respondent for comments
and corrections.

______________________________________
10 Regression builds from a simpler technique, correlational analysis, which involves two vari-
ables, say X and Y.  A correlation coefficient can theoretically range from 0 to +1 or 0 to �1, but is
always expressed as a decimal that is usually a lot less than 1.  For example, if a series of
measures of X and Y turn out to be correlated at a level of say 0.78 (which is very high), that
means that an increase in the value of X will be accompanied by an increase in the value of Y.  A
negative correlation, say �0.78, means that an increase in X will be accompanied by a decrease in
Y, and vice versa.  Multiple regression merely extends the logic of correlation to a situation where
we are trying to predict how a combination of variables or predictors (A, B, C, and D) will be
associated with changes in an outcome (e.g., the price of a stock).
 11 Generally this is discussed in terms of the �statistical significance� of a finding and expressed in
terms of a numerical value of the statistic and its �p� value.  The latter is easy to understand. For
example, a p of <.01 means that the odds are less than one in a hundred that the observed result
could have occurred by chance.  In the social sciences, a p < .05 (less than 1 in 20) is the minimal
acceptable level of statistical significance.
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APPENDIX C: Personalized Report Card

Technology Incubation
Benchmarking Results

Name of Incubator

City, State

A Confidential Report

Developed by

The National Business Incubation Association

Athens, Ohio

September 2002
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Introduction

As part of its effort to improve business incubation practice, the National Business
Incubation Association (NBIA) recently completed a performance benchmarking sur-
vey of technology business incubators in the United States. The Incubator Name
and 78 other incubators participated in the survey. The NBIA study team greatly
appreciates the cooperation that enabled this data collection effort.

So that your incubator might realize additional value commensurate with its involve-
ment in this project, we are providing you this confidential report. It is a customized,
institution-specific analysis of the performance data collected. Each of the 79 orga-
nizations involved in this benchmarking effort has been provided with its own unique,
confidential �window� on the data. These organization-specific reports are not for
general circulation, and the PDF file you receive is the only one in existence outside
of our own files.

This report is intended to provide input for internal evaluation, self-analysis, and
program planning purposes. The report includes a series of comparisons with other
incubators that participated in the project. First, it provides information on how your
program ranked on each of the metrics relative to the entire study sample of 79
incubators (or fewer, depending on the number of respondents to a particular ques-
tion). The report also provides information on how your program ranked within sub-
groups of programs. Two subgroup rankings provide:

� Comparisons based on the technological focus of each incubator�s clients.
Thus, the 79 programs were grouped into those with a client mix: (1)
focused on information technology and electronics; (2) focused on biotech
and biomedical technologies; or (3) that spanned several technological ar-
eas. Based on questionnaire responses, your program was categorized as
one with [Client Technology Category] focus.

� Comparisons based on the business emphasis (product vs. service) of each
incubator�s clients. Thus, the 79 programs were grouped into those whose
clients: (1) were mostly product oriented; (2) were mostly service ori-
ented; and (3) were heterogeneous in terms of product and service empha-
sis. Based on questionnaire responses, your program was categorized as
one with a [Client Emphasis Category] emphasis.

The Benchmarking and Measurement Framework

Central to all questions about performance measurement is the mission and purpose
of the organizations being benchmarked and how they generally go about their
business. In order to facilitate the development of a performance benchmarking
framework, the NBIA team adopted the following conceptual model of the incubation
process:

A.The ultimate goal of incubators is to facilitate the business success of their
client companies. As such, the �end stage� or primary performance metrics
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for incubators are synonymous with those of their clients. Thus they in-
clude measures of employment growth, revenues, profits, and the like. In
this project, these client outcomes were measured indirectly, on the basis
of data supplied by incubator managers.

B. There also are �instrumental� or secondary business outcomes experi-
enced by client companies. Although not synonymous with sales or profits,
these outcomes generally are key milestones in the business development
process. These outcomes might include obtaining external financing or se-
curing intellectual property protection regarding core technologies. In this
project, these performance measures were gathered indirectly, on the basis
of information supplied by incubator managers.

C. In terms of incubator activities, the client performance outcomes outlined
in A and B are facilitated by the provision of a variety of services on the
part of the incubation program. These services include help with business
planning, financial management and regulatory compliance. These services
were measured as well.

D.Finally, each incubator performs management functions. These include or-
ganizing and staffing, planning and strategizing, and working with important
constituents. An incubator�s management functions are an important con-
textual element and also were examined in this study.

The performance benchmarking results presented in this report were derived exclu-
sively from measurement domains A and B, above. Other reports resulting from this
project will examine the relationships between elements C and D and outcomes A
and B but are not presented here.

Reading This Report

This benchmarking report presents data via useful metrics. The data are tailored to
each incubator based on survey responses collected during the Winter/Spring of
2002.

Each metric includes the following comparisons (as appropriate):
� A comparison of your incubator�s ranking among all other participating incu-

bators
� A comparison of your incubator�s ranking among other incubators with a

comparable technology focus in terms of clients served
� A comparison of your incubator�s ranking among other incubators with a

comparable product or service focus in terms of clients served

NBIA will not release this report to those outside the reporting institution without
permission.

If you have any questions or comments about this report or any of its contents,
please contact NBIA at research@nbia.org.
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Results

The performance benchmarking results in this report are categorized in two broad
domains � primary outcomes and secondary outcomes. Primary outcomes corre-
spond to category A discussed above; they include key business outcomes such as
sales growth, employment growth, and related outcomes. In contrast, secondary
outcomes are those client company outcomes that are instrumental to the achieve-
ment of primary outcomes (e.g., securing financing). Secondary outcomes corre-
spond to category B discussed above. Not all participating incubators provided data
for all outcome measures; the number of responding incubators is noted below.

Your incubator�s performance is reported as a rank based on all respondents� scores
for each metric. Your rank indicates the number of programs that performed better
than your program on a particular metric.

Ranks

Scores were organized from highest to lowest to derive ranks; a rank of 1 represents
the best-performing program or programs. In the case of tied scores, participants
share the same rank, which means that on a particular metric there may be fewer
rankings than participants. This also means that, for example, if three programs
share a rank of 10, the next best-performing program or group of programs would
have a rank of 13 (i.e., there would be no ranks of 11 or 12). Therefore, a rank of 13
means that there are 12 programs with better results than the 13th ranked program.

Primary Outcomes

Employment Growth

Compared to the Entire Sample. Of the 79 programs that responded to this ques-
tion, Incubator Name is ranked XX in terms of the average employment growth of
its client companies.

Compared to Incubators With [Client Technology Category] Focus. Among the
XX incubators with this focus, XX responded to this question. Of those respondents,
your incubator is ranked XX in terms of the average employment growth of its
client companies.

Compared to Incubators Whose Clients Had a [Client Emphasis Category] Em-
phasis. Among the XX incubators with this primary emphasis, XX responded to this
question. Of those respondents, your incubator is ranked XX in terms of the aver-
age employment growth of its client companies.

Revenue Growth

Compared to the Entire Sample. Of the 64 programs that responded to this ques-
tion, Incubator Name is ranked XX in terms of the average revenue growth of its
client companies.
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Compared to Incubators With [Client Technology Category] Focus. Among the
XX incubators with this focus, XX responded to this question. Of those respondents,
your incubator is ranked XX in terms of the average revenue growth in its client
companies.

Compared to Incubators Whose Clients Had a «M_3» Emphasis. Among the XX
incubators with this primary emphasis, XX provided complete responses to this
question. Of those respondents, your incubator is ranked XX in terms of the aver-
age revenue growth in its client companies.

Secondary Outcomes

Equity Investment

Compared to the Entire Sample. Of the 67 programs that responded to this ques-
tion, Incubator Name is ranked XX in terms of average equity investment in its
client companies.

Compared to Incubators With [Client Technology Category] Focus. Among the
XX incubators with this focus, XX responded to this question. Of those respondents,
your incubator is ranked XX in terms of average equity investment in its client
companies.

Compared to Incubators Whose Clients Had a [Client Emphasis Category] Em-
phasis. Among the XX incubators with this primary emphasis, XX responded to this
question. Of those respondents, your incubator is ranked XX in terms of average
equity investment in its client companies.

Research Grant Support (e.g., SBIR, ATP, state grants, etc.)

Compared to the Entire Sample. Of the 65 programs that responded to this ques-
tion, Incubator Name is ranked XX in terms of research grant support realized by
its client companies.

Compared to Incubators With [Client Technology Category] Focus. Among the
XX incubators with this focus, XX responded to this question. Of those respondents,
your incubator is ranked XX in terms of research grant support realized by its
client companies.

Compared to Incubators Whose Clients Had a [Client Emphasis Category] Em-
phasis. Among the XX incubators with this primary emphasis, XX responded to this
question. Of those respondents, your incubator is ranked XX in terms of research
grant support realized by its client companies.

Patents

Compared to the Entire Sample. Of the 64 programs that responded to this ques-
tion, Incubator Name is ranked XX in terms of the number of patents held by its
client companies.
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Compared to Incubators With [Client Technology Category] Focus. Among the
XX incubators with this focus, XX responded to this question. Of those respondents,
your incubator is ranked XX in terms of the number of patents held by its client
companies.

Compared to Incubators Whose Clients Had a [Client Emphasis Category] Em-
phasis. Among the XX incubators with this primary emphasis, XX responded to this
question. Of those respondents, your incubator is ranked XX in terms of the number
of patents held by its client companies.

Copyrights

Compared to the Entire Sample. Of the 42 programs that responded to this ques-
tion, Incubator Name is ranked XX in terms of the number of copyrights held by its
client companies.

Compared to Incubators With [Client Technology Category] Focus. Among the
XX incubators with this focus, XX responded to this question. Of those respondents,
your incubator is ranked XX in terms of the number of copyrights held by its client
companies.

Compared to Incubators Whose Clients Had a [Client Emphasis Category] Em-
phasis. Among the XX incubators with this primary emphasis, XX responded to this
question. Of those respondents, your incubator is ranked XX in terms of the number
of copyrights held by its client companies.

Licensed Intellectual Property (patents, copyrights, or trade secrets
licensed from another company, university, federal lab or research
institution)

Compared to the Entire Sample. Of the 56 programs that responded to this ques-
tion, Incubator Name is ranked XX in terms of the amount of intellectual property
that its client companies have licensed into their operations.

Compared to Incubators With [Client Technology Category] Focus. Among the
XX incubators with this focus, XX responded to this question. Of those respondents,
your incubator is ranked XX in terms of the amount of intellectual property that its
client companies have licensed into their operations.

Compared to Incubators Whose Clients Had a [Client Emphasis Category] Em-
phasis. Among the XX incubators with this primary emphasis, XX responded to this
question. Of those respondents, your incubator is ranked XX in terms of the amount
of intellectual property that its client companies have licensed into their opera-
tions.
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Conclusion

The NBIA team hopes all incubator managers who participated in this benchmarking
process found it of interest and that you will want to participate in future benchmarking
efforts as a means of highlighting strengths and weaknesses. The cumulative effect
of such a process will mean better service to clients and a stronger business incuba-
tion industry.
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Survey Questions Used for Report Card Rankings

Primary Outcome Indicators

Employment

What was the approximate number of each client�s full time equivalent (FTE) em-
ployees the year that they entered the incubation program?

O 1-2     O 3-5     O 6-15     O 16-25     O >25     O Don�t know

What is the approximate current number of each client�s full time equivalent (FTE)
employees?

O 1-2     O 3-5     O 6-15     O 16-25     O 26-50     O >50     O Don�t know

Revenues

What were each client�s fiscal year gross sales revenues the year that they
entered the incubation program?

O $0-$99K
O $100-$499K
O $500-$999K
O $1M-$5M
O $5M-$10M
O >$10M
O Don�t know

What were each client�s gross sales revenues during the immediate past fiscal
year?

O $0-$99K
O $100-$499K
O $500-$999K
O $1M-$5M
O $5M-$10M
O >$10M
O Don�t know
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Secondary Outcome Indicators

Equity Investment

What is the TOTAL amount of equity investment, from all sources, that each client
company has received since its founding?

O $0-$99K
O $100-$499K
O $500-$999K
O $1M-$5M
O $5M-$10M
O >$10M
O Don�t know

Research Grant Support

What is the TOTAL amount of research grant support (e.g., SBIR, ATP, state
grants, etc.) from all sources that each client company has received since its
founding?

O Zero     O $1-$49K     O $50-$99K     O $100-$500K     O >$500K     O Don�t know

Patents

How many patents does each client company hold?

O Zero      O 1      O 2-3     O 4-6     O >6     O Don�t know

Copyrights

How many copyrights does each client company hold?

O Zero     O 1     O 2-3     O 4-6     O >6     O Don�t know

Licensed Intellectual Property

How many patents, copyrights, or trade secrets have each client licensed from
another company, university, federal lab, or research institution?

O Zero     O 1     O 2-3     O 4-6     O >6     O Don�t know
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APPENDIX E:
Cover Letter Sent with Mailed Version of Survey

April 2002

Dear Technology Business Incubation Program Manager/CEO,

This letter follows up the recent telephone call you received from the National Business Incuba-
tion Association (NBIA). As promised, here is the incubator benchmarking survey for you to
complete. Your participation will help make this important project successful.

The overall goal of the project is to develop a data collection and reporting system that U.S.
technology incubators can use to obtain timely and useful information about:

� the performance of technology incubators from across the country
� how your program compares to similar incubators through a confidential �report card�
� identification of types of client services and other incubator practices that seem to be

related to superior outcomes for client companies
This effort is funded by the Office of Technology Policy of the U.S. Department of Commerce.

To accomplish this project�s goal, our research team has developed the enclosed questionnaire in
consultation with numerous experts in the field. We trust you will find this survey captures key
information in a user-friendly format that is not burdensome to you. Please note that the final
survey report will aggregate all incubator managers� responses. Neither your answers nor those
of other managers will be reported in isolation without your express approval.

In order to maintain our project schedule, we request that you complete the questionnaire and
return it within two weeks in the enclosed self-addressed stamped envelope. If you prefer, fax it
to NBIA at (740) 593-1996.

If you have any questions regarding this project please contact JoAnn Rollins [(740) 593-4331;
research@nbia.org] at NBIA. Once we have concluded our data collection effort, we intend to
send each participating manager a confidential, computer-generated report comparing your an-
swers to similar programs. This report will be sent to your attention, For Your Eyes Only.

The quality and validity of the reports that we generate depends on receiving responses from as
many technology business incubation managers as possible. Thank you for your help.

Sincerely,

Dinah Adkins
President and CEO
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APPENDIX F: Benchmarking Survey
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APPENDIX G: Results of Regression Analyses
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